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EXAMINER'S AMENDMENT 

1. An examiner's amendment to the record appears below. Should the changes and/or 
additions be unacceptable to applicant, an amendment may be filed as provided by 37 CFR 
1.312. To ensure consideration of such an amendment, it MUST be submitted no later than 
the payment of the issue fee. 

Authorization for this examiner's amendment was given in a telephone interview 
with Attorney Jeffrey Wilson on 14 March 2007. 

The application has been amended as follows: 
In the Claims: 

1-73. (Canceled) 

74. (Currently amended) A method of depositing a composite film with at least 
one component being a nanostructured material onto a substrate, the method 
comprising: 

(i) forming a suspension of the material in a liquid medium, the 
nanostructured material comprising at least one of nanotubes and nanowires; 

(ii) adding small particles to the suspension to promote adhesion of the 
nanostructured material to the substrate, wherein the small particles comprise a metal 
selected from the group consisting of iron, lead, and cobalt; 

(iii) selectively adding a charger to the liquid medium; 
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(iv) immersing electrodes in the suspension, wherein at least one of the 
electrodes comprises the substrate; and 

(v) applying a direct or alternating current to the immersed electrodes 
thereby creating an electrical field between the electrodes; 

wherein the nanostructured material and the small particles are co- 
deposited on the substrate to form a composite layer, the composite layer having an 
intimate mix of the carbon nanotubes and the small particles, and wherein the composite 
layer has an emission current density of the composite l ayer is greater than 1 A/cm 2 . 

75. (Previously presented) The method of claim 74, wherein the small particles 
are metallic and have a diameter less than 1 micrometer. 

76. (Previously presented) The method of claim 75, comprising shortening the 
carbon nanotubes by chemical reaction prior to their introduction into the suspension. 

77. (Previously presented) The method of claim 75, comprising: 

adding additional materials into the suspension, the additional materials 
comprising at least one binder material, wherein the binder material is present in an 
amount ranging from 0.1-20 weight% of the nanostructured material. 
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78-97. (Canceled) 

98. (Previously presented) A method of depositing a composite layer with at 
least one component being carbon nanotubes onto a substrate, the method comprising: 

(i) forming a suspension containing at least the carbon nanotubes and an 
adhesion promoting material in a liquid medium, the adhesion promoting material further 
comprising a carbon-dissolving material selected from the group consisting of nickel, iron, 
cobalt and manganese; 

(ii) selectively adding a charger to the liquid medium; 

(iii) immersing electrodes in the suspension, wherein at least one of the 
electrodes comprises the substrate; and 

(iv) applying a direct or alternating current to the immersed electrodes 
thereby creating an electrical field between the electrodes; 

wherein the carbon nanotubes and the adhesion promoting material co-deposit on 
the substrate to form the composite layer, the composite layer having an intimate mix of 
the carbon nanotubes and the adhesion-promoting material. 

99. (Previously presented) The method of claim 98 wherein the method further 
comprises shortening the length of the carbon nanotubes prior to their introduction into 
the suspension to improve the dispersion and stability of the suspension. 
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100. (Previously presented) The method of claim 99, wherein the method further 
comprises annealing the carbon nanotubes at 100°C - 1200°C in a vacuum prior to their 
introduction into the suspension; 

101. (Previously presented) The method of claim 98, wherein step (i) further 
comprises either application of ultrasonic energy or stirring, thereby facilitating the 
formation of a stable suspension. 

102. (Previously presented) The method of claim 98, wherein the charger 
comprises at least one of magnesium chloride, Mg(N0 3 ) 2 , La(N0 3 ) 3 , y(N0 3 ) 3 , AICI 3 , and 
sodium hydroxide. 

103. (Previously presented) The method of claim 98 wherein the liquid medium 
comprises alcohol, and step (i) further comprises forming the suspension having a 
concentration of 0.1-1.0 mg/mL, expressed as mg of carbon nanotubes per mL of liquid 
medium. 

104. (Previously presented) The method of claim 98, wherein step (iv) comprises 
applying direct current to the electrodes. 
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105. (Previously presented) The method of claim 104, wherein step (iv) comprises 
creating an electrical field between the electrodes of at least 20V/cm in intensity. 

106. (Previously presented) The method of claim 98, further comprising the steps 

of: 

(v) removing the electrodes from the suspension; and 

(vi) annealing the coated substrate. 

107. (Previously presented) The method of claim 106, wherein step (vi) comprises 
a two-step annea\, comprising heating the coated substrate to a first temperature for a 
first selected period of time, then heating the coated substrate to a second temperature 
for a second selected period of time. 

108. (Previously presented) The method of claim 98, wherein step (i) further 
comprises adding additional materials into the suspension. 

109. (Previously presented) The method of claim 108, wherein the additional 
materials comprise at least one binder material, wherein the binder material is present in 
an amount ranging from 0.1-20 weight% of the carbon nanotubes. 
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110. (Previously presented) The method of claim 109, wherein the binder material 
is at least one of polyvinyl butyral-co-vinyl alcohol-co-vinyl acetate) and polyvinyl idene 
fluoride). 

111. (Previously presented) The method of claim 98 wherein the adhesion 
promoting material comprises small particles and wherein the particles have a diameter 
less than 1 micrometer. 

112. (Previously presented) The method of claim 98, comprising: 

providing the substrate with a first surface having a mask disposed thereon, 
the mask having openings through which areas of the first surface are exposed; 

immersing the at least one electrode and the masked substrate in the 

suspension; 

applying the direct or alternating current to the electrode and the masked 
substrate thereby creating an electrical field therebetween, the carbon nanotubes and 
the adhesion promoting material being caused to migrate toward, and attach to, those 
exposed areas on the first surface of the substrate; and 

removing the mask; 
wherein a pattern of the composite layer is deposited onto the substrate. 
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113. (Previously presented) A method of depositing a composite layer with at 
least one component being carbon nanotubes onto a substrate, the method comprising: 

(i) forming a suspension containing at least the carbon nanotubes and an 
adhesion promoting material in a liquid medium, the adhesion promoting material further 
comprising a carbide-forming material selected from the group consisting of tantalum, 
niobium, vanadium, and hafnium; 

(ii) selectively adding a charger to the liquid medium; 

(Hi) immersing electrodes in the suspension, wherein at least one of the 
electrodes comprises the substrate; and 

(iv) applying a direct or alternating current to the immersed electrodes 
thereby creating an electrical field between the electrodes; 

wherein the carbon nanotubes and the adhesion promoting material co-deposit on 
the substrate to form the composite layer, the composite layer having an intimate mix of 
the carbon nanotubes and the adhesion-promoting material. 

114. (Previously presented) The method of claim 113 wherein the method further 
comprises shortening the length of the carbon nanotubes prior to their introduction into 
the suspension to improve the dispersion and stability of the suspension. 
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115. (Previously presented) The method of claim 114, wherein the method further 
comprises annealing the carbon nanotubes at 100°C - 1200°C in a vacuum prior to their 
introduction into the suspension. 

116. (Previously presented) The method of claim 113, wherein step (i) further 
comprises either application of ultrasonic energy or stirring, thereby facilitating the 
formation of a stable suspension. 

117. (Previously presented) The method of claim 113, wherein the charger 
comprises at least one of magnesium chloride, Mg(N0 3 ) 2 , La(N0 3 ) 3 , y(N0 3 ) 3 , AICI 3 , and 
sodium hydroxide. 

118. (Previously presented) The method of claim 113 wherein the liquid medium 
comprises alcohol, and step (i) further comprises forming the suspension having a 
concentration of 0.1-1.0 mg/mL, expressed as mg of carbon nanotubes per mL of liquid 
medium. 

119. (Previously presented) The method of claim 113, wherein step (iv) comprises 
applying direct current to the electrodes. 
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120. (Previously presented) The method of claim 119, wherein step (iv) comprises 
creating an electrical field between the electrodes of at least 20V/cm in intensity. 



(Previously presented) The method of claim 113, further comprising the 

(v) removing the electrodes from the suspension; and 

(vi) annealing the coated substrate. 

122. (Previously presented) The method of claim 121, wherein step (vi) comprises 
a two-step annea\, comprising heating the coated substrate to a first temperature for a 
first selected period of time, then heating the coated substrate to a second temperature 
for a second selected period of time. 

123. (Previously presented) The method of claim 113, wherein step (i) further 
comprises adding additional materials into the suspension. 



121. 
steps of: 



124. (Previously presented) The method of claim 123, wherein the additional 
materials comprise at least one binder material, wherein the binder material is present in 
an amount ranging from 0.1-20 weight% of the carbon nanotubes. 
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125. (Previously presented) The method of claim 124, wherein the binder material 
is at least one of polyvinyl butyral-co-vinyl alcohol-co-vinyl acetate) and poly(vinylidene 
fluoride). 

126. (Previously presented) The method of claim 113 wherein the adhesion 
promoting material comprises small particles and wherein the particles have a diameter 
less than 1 micrometer. 

127. (Previously presented) The method of claim 113, comprising: 

providing the substrate with a first surface having a mask disposed thereon, 
the mask having openings through which areas of the first surface are exposed; 

immersing the at least one electrode and the masked substrate in the 

suspension; 

applying the direct or alternating current to the electrode and the masked 
substrate thereby creating an electrical field therebetween, the carbon nanotubes and 
the adhesion promoting material being caused to migrate toward, and attach to, those 
exposed areas on the first surface of the substrate; and 

removing the mask; 
wherein a pattern of the composite layer is deposited onto the substrate. 
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128. (Previously presented) A method of depositing a composite layer with at 
least one component being carbon nanotubes onto a substrate, the method comprising: 

(i) forming a suspension containing at least the carbon nanotubes and an 
adhesion promoting material in a liquid medium, the adhesion promoting material further 
comprising a binder selected from the group consisting of polyvinyl butyral-co-vinyl 
alcohol-co-vinyl acetate) and poly(vinylidene fluoride); 

(ii) selectively adding a charger to the liquid medium; 

(iii) immersing electrodes in the suspension, wherein at least one of the 
electrodes comprises the substrate; and 

(iv) applying a direct or alternating current to the immersed electrodes 
thereby creating an electrical field between the electrodes; 

wherein the carbon nanotubes and the adhesion promoting material co-deposit on 
the substrate to form the composite layer, the composite layer having an intimate mix of 
the carbon nanotubes and the adhesion-promoting material. 

129. (Previously presented) The method of claim 128 wherein the method further 
comprises shortening the length of the carbon nanotubes prior to their introduction into 
the suspension to improve the dispersion and stability of the suspension. 
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130. (Previously presented) The method of claim 129, wherein the method 
further comprises annealing the carbon nanotubes at 100°C - 1200°C in a vacuum prior to 
their introduction into the suspension. 

131. (Previously presented) The method of claim 128, wherein step (i) further 
comprises either application of ultrasonic energy or stirring, thereby facilitating the 
formation of a stable suspension. 

132. (Previously presented) The method of claim 128, wherein the charger 
comprises at least one of magnesium chloride, Mg(N0 3 ) 2 , La(N0 3 ) 3 , Y(N0 3 ) 3 , AICI 3 , and 
sodium hydroxide. 

133. (Previously presented) The method of claim 128 wherein the liquid medium 
comprises alcohol, and step (i) further comprises forming the suspension having a 
concentration of 0.1-1.0 mg/mL, expressed as mg of carbon nanotubes per mL of liquid 
medium. 

134. (Previously presented) The method of claim 128, wherein step (iv) comprises 
applying direct current to the electrodes. 
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135. (Previously presented) The method of claim 134, wherein step (iv) comprises 
creating an electrical field between the electrodes of at least 20V/cm in intensity. 

136. (Previously presented) The method of claim 128, further comprising the 
steps of: 

(v) removing the electrodes from the suspension; and 

(vi) annealing the coated substrate. 

137. (Previously presented) The method of claim 136, wherein step (vi) comprises 
a two-step anneal, comprising heating the coated substrate to a first temperature for a 
first selected period of time, then heating the coated substrate to a second temperature 
for a second selected period of time. 

138. (Previously presented) The method of claim 128, wherein step (i) further 
comprises adding additional materials into the suspension. 

139. (Previously presented) The method of claim 128, wherein the binder is 
present in an amount ranging from 0.1-20 weight% of the carbon nanotubes. 
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140. (Previously presented) The method of claim 128 wherein the adhesion 
promoting material comprises small particles and wherein the particles have a diameter 
less than 1 micrometer. 

141. (Previously presented) The method of claim 128, comprising: 

providing the substrate with a first surface having a mask disposed thereon, 
the mask having openings through which areas of the first surface are exposed; 

immersing the at least one electrode and the masked substrate in the 

suspension; 

applying the direct or alternating current to the electrode and the masked 
substrate thereby creating an electrical field therebetween, the carbon nanotubes and 
the adhesion promoting material being caused to migrate toward, and attach to, those 
exposed areas on the first surface of the substrate; and 

removing the mask; 
wherein a pattern of the composite layer is deposited onto the substrate. 

142. (Previously presented) A method of depositing a layer with at least one 
component being carbon nanotubes onto a substrate, the method comprising: 

(i) forming a suspension containing at least the carbon nanotubes; 

(ii) selectively adding a charger to the liquid medium; 
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(iii) immersing electrodes in the suspension, wherein at least one of the \ 
electrodes comprises the substrate; and 

(iv) applying a direct or alternating current to the immersed electrodes 
thereby creating an electrical field between the electrodes; 

(v) removing the electrodes from the suspension; and 

(vi) annealing the coated substrate in a two-step annealing process, said 
two-step annealing process comprising heating the coated substrate to a first 
temperature for a first selected period of time, then heating the coated substrate to a 
second temperature for a second selected period of time; 

wherein the carbon nanotubes deposit on the substrate to form the layer. 

143. (Previously presented) The method of claim 142 wherein the first 
temperature is 100-1200°C, the first selected period of time is approximately one hour, 
the second temperature is approximately 800°C, and the second selected period of time is 
approximately two hours. 

144. (Previously presented) The method of claim 142 wherein the two-step 
annealing process is done in a vacuum. 
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145. (Previously presented) The method of claim 144, wherein the vacuum is of 
approximately 5 x 10" 7 torr. 

146. (Previously presented) The method of claim 142 wherein the method further 
comprises shortening the length of the carbon nanotubes prior to their introduction into 
the suspension to improve the dispersion and stability of the suspension. 

147. (Previously presented) The method of claim 146, wherein the method 
further comprises annealing the carbon nanotubes at 100°C - 1200°C in a vacuum prior to 
their introduction into the suspension. 

148. (Previously presented) The method of claim 142, wherein step (i) further 
comprises either application of ultrasonic energy or stirring, thereby facilitating the 
formation of a stable suspension. 

149. (Previously presented) The method of claim 142, wherein the charger 
comprises at least one of magnesium chloride, Mg(N0 3 ) 2 , La(N0 3 ) 3 , y(N0 3 ) 3 , AICI 3 , and 
sodium hydroxide. 
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150. (Previously presented) The method of claim 142 wherein the liquid medium 
comprises alcohol, and step (i) further comprises forming the suspension having a 
concentration of 0.1-1.0 mg/mL, expressed as mg of carbon nanotubes per mL of liquid 
medium. 

151. (Previously presented) The method of claim 142, wherein step (iv) comprises 
applying direct current to the electrodes. 

152. (Previously presented) The method of claim 151, wherein step (iv) comprises 
creating an electrical field between the electrodes of at least 20V/cm in intensity. 

153. (Previously presented) The method of claim 142, wherein step (i) further 
comprises adding additional materials into the suspension. 

154. (Previously presented) The method of claim 153, wherein the additional 
materials comprise at least one binder material, wherein the binder material is present in 
an amount ranging from 0.1-20 weight% of the carbon nanotubes. 



155. (Previously presented) The method of claim 154, wherein the binder material 
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is at least one of polyvinyl butyral-co-vinyl alcohol-co-vinyl acetate) and poly(vinylidene 
fluoride). 

156. (Previously presented) The method of claim 142, comprising: 

providing the substrate with a first surface having a mask disposed thereon, 
the mask having openings through which areas of the first surface are exposed; 

immersing the at least one electrode and the masked substrate in the 

suspension; 

applying the direct or alternating current to the electrode and the masked 
substrate thereby creating an electrical field therebetween, the carbon nanotubes and 
the adhesion promoting material being caused to migrate toward, and attach to, those 
exposed areas on the first surface of the substrate; and 

removing the mask; 
wherein a pattern of the composite layer is deposited onto the substrate. 

157. (Currently amended) A method of depositing a layer with at least one 
component being carbon nanotubes onto a substrate, the method comprising: 

(i) forming a suspension containing at least the carbon nanotubes in a liquid 
medium; 

(ii) selectively adding a charger to the liquid medium; 
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(iii) immersing electrodes in the suspension, wherein at least one of the 

electrodes comprises the substrate, wherein the substrate is pre- 
coated with at least one layer of an adhesion-promoting metal 
selected from the group consisting of titanium, iron, lead, cobalt, 
nickel, tantalum, tungsten, niobium, zirconium, vanadium, and hafnium; 
and 

(iv) applying a direct or alternating current to the immersed electrodes 

thereby creating an electrical field between the electrodes; 
wherein the carbon nanotubes deposit on the substrate to form the composite layer 
having an intimate mix of the carbon nanotubes and the adhesion promoting metal, and 
wherein the composite layer has an emission current density of the composite l ayer is 
greater than 1 A/cm 2 . 

158. (Previously presented) The method of claim 157 wherein the method further 
comprises shortening the length of the carbon nanotubes prior to their introduction into 
the suspension to improve the dispersion and stability of the suspension. 

159. (Previously presented) The method of claim 158, wherein the method 
further comprises annealing the carbon nanotubes at 100°C - 1200°C in a vacuum prior to 
their introduction into the suspension. 
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160. (Previously presented) The method of claim 157, wherein step (i) further 
comprises either application of ultrasonic energy or stirring, thereby facilitating the 
formation of a stable suspension. 

161. (Previously presented) The method of claim 157, wherein the charger 
comprises at least one of magnesium chloride, Mg(N0 3 ) 2 , La(N0 3 ) 3 , Y(N0 3 ) 3 , AICI 3 , and 
sodium hydroxide. 

162. (Previously presented) The method of claim 157 wherein the liquid 
medium comprises alcohol, and step (i) further comprises forming the suspension having a 
concentration of 0.1-1.0 mg/mL, expressed as mg of carbon nanotubes per mL of liquid 
medium. 

163. (Previously presented) The method of claim 157, wherein step (iv) 
comprises applying direct current to the electrodes. 

164. (Previously presented) The method of claim 163, wherein step (iv) 
comprises creating an electrical field between the electrodes of at least 20V/cm in 
intensity. 



Application/Control Number: 09/996,695 Page 22 

Art Unit: 1753 

165. (Previously presented) The method of claim 157, further comprising the 
steps of: 

(v) removing the electrodes from the suspension; and 

(vi) annealing the coated substrate. 

166. (Previously presented) The method of claim 165, wherein step (vi) comprises 
a two-step anneal, comprising heating the coated substrate to a first temperature for a 
first selected period of time, then heating the coated substrate to a second temperature 
for a second selected period of time. 

167. (Previously presented) The method of claim 157, wherein step (i) 
further comprises adding additional materials into the suspension. 

168. (Previously presented) The method of claim 167, wherein the additional 
materials comprise at least one binder material, wherein the binder material is present in 
an amount ranging from 0.1-20 weight% of the carbon nanotubes. 

169. (Previously presented) The method of claim 168, wherein the binder 
material is at least one of polyvinyl butyral-co-vinyl alcohol-co-vinyl acetate) and 
poly(vinylidene fluoride). 
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170. (Previously presented) The method of claim 168 wherein the binder material 
comprises small particles and wherein the particles have a diameter less than 1 
micrometer. 

171. (Previously presented) The method of claim 157, comprising: 

providing the substrate with a first surface having a mask disposed thereon, 
the mask having openings through which areas of the first surface are exposed; 

immersing the at least one electrode and the masked substrate in the 

suspension; 

applying the direct or alternating current to the electrode and the masked 
substrate thereby creating an electrical field therebetween, the carbon nanotubes and 
the adhesion promoting material being caused to migrate toward, and attach to, those 
exposed areas on the first surface of the substrate; and 

removing the mask; 
wherein a pattern of the composite layer is deposited onto the substrate. 

172. (Currently amended) A method of depositing a composite layer with at least 
one component being carbon nanotubes onto a substrate, the method comprising: 

(i) forming a suspension containing at least the carbon nanotubes and an 
adhesion promoting material in a liquid medium, wherein the adhesion promoting material is 



Application/Control Number: 09/996,695 Page 24 

Art Unit: 1753 

selected from the group consisting of polyvinyl butyral-co vinyl alcohol-co-vinyl acetate), 
polyfvinylidene fluoride), titanium, iron, lead, cobalt, nickel, tantalum, tungsten, niobium, 
zirconium, vanadium, chromium, hafnium, manganese, silicon, and molybdenum, said liquid 
medium comprising dimethyl f ormamide (DMF); 

(ii) selectively adding a charger to the liquid medium; 

(iii) immersing electrodes in the suspension, wherein at least one of the 
electrodes comprises the substrate; and 

(iv) applying a direct or alternating current to the immersed electrodes 
thereby creating an electrical field between the electrodes; 

wherein the carbon nanotubes and the adhesion promoting material co-deposit on 
the substrate to form the composite layer, the composite layer having an intimate mix of 
the carbon nanotubes and the adhesion-promoting material, and wherein the composite 
layer has an emission current density of the composite layer is greater than 1 A/cm 2 . 

173. (Canceled) 

174. (Previously presented) The method of claim 98, wherein the emission current 
density of the composite layer is greater than 1 A/cm 2 . 



175. (Previously presented) The method of claim 113, wherein the emission 
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current density of the composite layer is greater than 1 A/cm 2 . 

176. (Previously presented) The method of claim 128, wherein the emission 
current density of the composite layer is greater than 1 A/cm 2 . 

177. (Previously presented) The method of claim 142, wherein the emission 
current density of the layer is greater than 1 A/cm 2 . 

178. (Previously presented) The method of claim 74, wherein the composite layer 
has a threshold field for emission of less than 1.5 V/micrometer. 

179. (Previously presented) The method of claim 178, wherein the threshold field 
is 1.4 V/micrometer. 

180. (Previously presented) The method of claim 74, wherein the composite layer 
produces a total emission current greater than 10 mA over a 6 mm 2 area. 

181. (Previously presented) The method of claim 74, wherein the composite layer 
produces a pulsed emission current having a pulse frequency higher than 10 KHz. 
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182. (Previously presented) The method of claim 181, wherein the composite layer 
produces a pulsed emission current having a pulse frequency higher than 100 KHz. 

183. (Previously presented) The method of claim 74, wherein the composite layer 
has a total pulsed current over a 6 mm 2 area higher than 10 mA at an electrical field of 
between 10 and 12 V/micrometer. 

184. (Previously presented) The method of claim 74, wherein the composite layer 
produces a stable pulsed current, further wherein the stable pulsed current is higher than 
10 mA over a 6 mm 2 area for at least 1,000 pulses. 

185. (Previously presented) The method of claim 184, wherein the stable pulsed 
current is higher than 10 mA over a 6 mm 2 area for at least 10,000 pulses. 

186. (Previously presented) A method of depositing a composite film with at least 
one component being a nanostructured material onto a substrate, the method comprising: 

(i) forming a suspension of the material in a liquid medium, the 
nanostructured material comprising at least one of nanotubes and 
nanowires; 

(ii) adding small particles to the suspension to promote adhesion of the 
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nanostructured material to the substrate, wherein the small particles 
comprise a metal selected from the group consisting of iron, lead, and 
cobalt; 

(iii) selectively adding a charger to the liquid medium; 

(iv) immersing electrodes in the suspension, wherein at least one of the 
electrodes comprises the substrate; and 

(v) applying a direct or alternating current to the immersed electrodes 
thereby creating an electrical field between the electrodes; 

wherein the nanostructured material and the small particles are co-deposited on 
the substrate to form a composite layer, and further wherein the composite layer; 

(a) comprises an intimate mix of the carbon nanotubes and the 
small particles; 

(b) produces an emission current density greater than 1 A/cm 2 ; 

(c) has a threshold field for emission of less than 1.5 
V/micrometer; and 

(d) produces a total emission current greater than 10 mA over a 6 
mm 2 area, a pulsed emission current having a pulse frequency 
higher than 100 KHz, and a total pulsed current measured over 
a 6 mm 2 area of greater than 10 mA at between 10 and 12 
V/micrometer for at least 1,000 pulses. 
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187. (Previously presented) The method of claim 186, wherein the total pulsed 
current measured over a 6 mm 2 area is greater than 10 mA at between 10 and 12 
V/micrometer for at least 10,000 pulses. 

188. (Currently amended) A method of depositing a multilayer coating onto a 
substrate, the method comprising: 

(i) forming a plurality of stable liquid suspensions, wherein each 
suspension comprises carbon nanotubes and at least one or more 
component selected from a polymer and metal particles , wherein the 
polymer is selected from the group consisting of polyvinyl butyral-co 
vinyl alcohol-co-vinyl acetate) and polyfvinylidene fluoride), and the 
metal particles are selected from the group consisting of titanium, 
iron, lead, cobalt, nickel, tantalum, tungsten, niobium, zirconium, 
vanadium, chromium, hafnium, manganese, silicon, and molybdenum ; 

(ii) selectively adding a charger to each of the plurality of stable liquid 
suspensions; 

(iii) immersing electrodes into one of the plurality of stable liquid 
suspensions, wherein at least one of the electrodes comprises the 
substrate; 

(iv) applying g direct or alternating current to the immersed electrodes 
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thereby creating an electrical field between the electrodes, wherein 
the carbon nanotubes and the at least one other component migrate 
toward and attach to the substrate to form a composite layer, 
wherein the applying is for a period of time until a desired thickness 
of the composite layer is reached; 

(v) removing the electrodes from the stable liquid suspension; 

(vi) immersing the electrodes into another of the plurality of stable liquid 
suspensions and repeating steps (iv) and (v); and 

(vii) repeating step (vi) until the electrodes have been immersed into each 
of the plurality of stable liquid suspensions, thereby depositing a 
multilayer coating onto the substrate. 

189. (Previously presented) The method of claim 188, further comprising annealing 
the substrate following the deposition of the multilayer coating. 

190. (Previously presented) The method of claim 189, wherein the annealing 
comprises a two-step anneal comprising heating the coated substrate to a first 
temperature for a first selected period of time and then heating the coated substrate to 
a second temperature for a second selected period of time. 
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191. (Previously presented) The method of claim 188, wherein the emission current 
density of the multilayer coating is greater than 1 A/cm 2 . 

192. (Currently amended) A method of depositing a carbon nanotube film having a 
stable pulsed current higher than 10 mA over a 6 mm 2 area for at least 1,000 pulses, the 
method comprising: 

(i) forming a suspension containing at least the carbon nanotubes and an. 
adhesion promoting material in a liquid medium, the adhesion 
promoting material comprising one of the group selected from a 
carbon-dissolving material and a carbide-forming material , wherein 
the carbon-dissolving material is selected from the group consisting 
of nickel, iron, cobalt and manganese, and the carbide-forming 
material is selected from the group consisting-of silicon, molybdenum 
titanium, tantalum, tungsten, niobium, zirconium, vanadium, chromium, 
and hafnium ; 

(ii) selectively adding a charger to the liquid medium; 

(iii) immersing electrodes in the suspension, wherein at least one of the 
electrodes comprises the substrate; and 

(iv) applying a direct or alternating current to the immersed electrodes 
thereby creating an electrical field between the electrodes; 
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wherein the carbon nanotubes and the adhesion promoting material co-deposit on 
the substrate to form the composite film, the composite film having an intimate mix 
of the carbon nanotubes and the adhesion-promoting material, and further wherein 
the composite film has a stable pulsed current higher than 10 mA over a 6 mm 2 area 
for at least 1,000 pulses. 

193. (Previously presented) The method of claim 192, wherein the composite film 
has a stable pulsed current higher than 10 mA over a 6 mm 2 area for at least 10,000 
pulses. 

194. (Currently amended) A method of depositing a carbon nanotube film that 
displays 3% or less emission current decay after 10 hours, the method comprising: 

(i) forming a suspension containing at least the carbon nanotubes and an 
adhesion promoting material in a liquid medium, the adhesion 
promoting material comprising one of the. group selected from a 
carbon-dissolving material and a carbide-forming material , wherein 
the carbon-dissolving material is selected from the group consisting 
of nickel, iron, cobalt and manganese, and the carbide-forming 
material is selected from the group consisting of silicon, molybdenum 
titanium, tantalum, tungsten, niobium, zirconium, vanadium, chromium. 
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and hafnium ; 

(ii) selectively adding a charger to the liquid medium; 

(iii) immersing electrodes in the suspension, wherein at least one of the 
electrodes comprises the substrate; and 

(iv) applying a direct or alternating current to the immersed electrodes 
thereby creating an electrical field between the electrodes; 

wherein the carbon nanotubes and the adhesion promoting material co-deposit on 
the substrate to form the composite film, the composite film having an intimate mix 
of the carbon nanotubes and the adhesion-promoting material, and further wherein 
the composite film displays 3% or less emission current decay after 10 hours. 

195. (Currently Amended) An electrophoretic method of depositing a composite 
film comprising a carbon nanotube material onto a conducting substrate, the method 
comprising: 

(i) forming a liquid suspension comprising the carbon nanotubes, particles 
of adhesion-promoting material, and a charger, wherein the 
suspension has a nanotube concentration of 0.1 - 1.0 mg/mL, 
expressed as mg of sing l e wa ll ed carbon nanotubes per mL of liquid 
medium and wherein the particles of adhesion promoting material is 
selected from the group consisting of polyvinyl butyral-co vinyl alcohol- 
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co-vinyl acetate), polyfvinylidene fluoride), titanium, iron, lead, cobalt, 
nickel, tantalum, tungsten, niobium, zirconium, vanadium, chromium, 
hafnium, manganese, silicon, and molybdenum ; 

(ii) immersing electrodes in the suspension, wherein at least one of the 
electrodes comprises the substrate; 

(iii) applying an electric field in the range of 0.1 - 1000 V/cm between the 
electrodes, wherein the nanotubes and the particles of adhesion- 
promoting material co-deposit on the substrate; and 

(iv) annealing the substrate, wherein the annealing comprises a two-step 
anneal comprising heating the coated substrate to 100-1200°C for 
approximately 1 hour and then to approximately 800°C for two hours. 

196. (Currently amended) A method of depositing a composite film onto one 
conducting surface of a substrate having at least two electrically insulated conducting 
surfaces, wherein the composite film comprises carbon nanotubes, the method comprising: 
(i) forming a liquid suspension comprising carbon nanotubes and particles 
of an adhesion promoting material in a liquid medium, wherein the 
adhesion promoting material is selected from the group consisting of 
a carbon-dissolving material and a carbide-forming material , wherein 
the carbon-dissolving material is selected from the group consisting 



Application/Control Number: 09/996,695 
Art Unit: 1753 



Page 34 



of nickel, iron, cobalt and manganese, and the carbide-forming 
material is selected from the group consisting of silicon, molybdenum 
titanium, tantalum, tungsten, niobium, zirconium, vanadium, chromium, 
and hafnium ; 

(ii) selectively adding a charger to the liquid medium; 

(iii) immersing electrodes in the suspension, wherein at least one of the 
electrodes comprises the substrate and another of the electrodes 
comprises a counter electrode, wherein the substrate comprising two 
electrically insulated conducting surfaces, surface A and surface B; 

ft 

ur rc» 

(iv) applying an electrical field between surface A and the counter 
electrode, wherein the field strength is between 0.1-1000 V/cm, 
thereby causing the carbon nanotubes and the particles of the 
adhesion promoting material to migrate towards and cb-deposit onto 
surface A; and 

(v) applying <i small bias electrical field on surface B to prevent 
deposition of the carbon nanotubes and particles onto surface B. 



197. (Previously presented) The method of claim 196, wherein surface B is covered 
by a layer of photoresist. 



Application/Control Number: 09/996,695 Page 35 

Art Unit: 1753 

198. (Previously presented) The method of claim 196, further comprising annealing 
the coated substrate to form a film on surface A, wherein the emission current density of 
the film is greater than 1 A/cm 2 . 

199. (Previously presented) The method of claim 76, wherein the shortening 
comprises etching single walled carbon nanotube bundles in a solution of H2SO4 and HNO3 
for a period of time between 10 and 24 hours while the nanotubes are subjected to 
ultrasonic energy. 

200. (Previously presented) The method of claim 199, wherein the period of time is 
24 hours, and further wherein the etching provides single wall carbon nanotubes having an 
average bundle length of 0.5 micrometers. 

2. The following is an examiner's statement of reasons for allowance: Because of the 
amendment and remarks filed 20 December 2006 to the rejections of claims 74-77 and 
98-172, the rejections to these claims are no longer maintained. As to new claims 174-185, 
the claims are allowable because they are dependent on claims 74, 98, 113, 128, 142 and 
157. As to new claims 186-198 they are allowable because the materials in claims 186, 188, 
188, 192 and 194-196 are specifically recited, the recited materials being the same 
materials as recited in claims 74, 98, 113, 128 and 157. 
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Any comments considered necessary by applicant must be submitted no later than 
the payment of the issue fee and, to avoid processing delays, should preferably accompany 
the issue fee. Such submissions should be clearly labeled "Comments on Statement of 
Reasons for Allowance." 

3. Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Kishor Mayekar whose telephone number is (571) 272- 
1339. The examiner can normally be reached on Monday-Thursday. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Nam Nguyen can be reached on (571) 272-1342. The fax phone number for the 
organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the Patent 
Application Information Retrieval (PAIR) system. Status information for published 
applications may be obtained from either Private PAIR or Public PAIR. Status information 
for unpublished applications is available through Private PAIR only. For more information 
about the PAIR system, see http://pair-direct.uspto.gov. Should you have questions on 
access to the Private PAIR system, contact the Electronic Business Center (EBC) at 866- 
217-9197 (toll-free). If you would like assistance from a USPTO Customer Service 
Representative or access to the automated information system, call 800-786-9199 (IN 
USA OR CAHAbA) or 571-272-1000. 
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